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I. K. Furić, Towards
;=< Mixing with CDFII, UPenn HEP Seminar, Nov 11, 2003

^



3`_ 7 
 
 ? � � � 
 ?

L � � % � � �� � � �  � ( &� � � � � � � � � � � �  � ( * � 0� � a� � � * � 0� � �+ �  � O  � �� � � � b

� � � �� � � �( % � � �� � + �� � �  � �� � * � 0� � a * � 0� � �� � � � � � b

� � �� �� � � % + �� + � � � �  � ( � � � � a c d � � �� 9 � � �� � b

� � �=e � �+ �� � � � � � �( � � � � �(@

fhg ikj lnm o p q rtsuv g ikj lnm o w q rtsg ikj lnm o

q rtsuv g ikj lnm o x q rtsg ikj lnm o

p lzy { w | o~} ��� l �} m o

-0.1

-0.05

0

0.05

0.1

0 2.5 5 7.5 10
proper decay time, t [ps]

M
ix

ed
 A

sy
m

m
et

ry

Bd mixing ∆md=0.5 ps−1

Bs mixing ∆ms=20 ps−1

Dilution: 0.05 

�  � 9 9 � � �� � � � + 9 � � � � �@ Y � I H a � � 9 � � �� � b

��U� ��� �� � �� H � F
Y � � �� g ��� ���� ��

I. K. Furić, Towards
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Inherited from Run I:

� Central Calor. (

C`Û C I

)

Ü Solenoid (1.4 T)

Partially new:

Ü Muon System
(extended to

C`Û C Y

)

Completely new:Ü 3D Silicon Tracker (
C`Û C Y

)

Ü Faster Drift Chamber

Ü Plug and Forward Calorimeters, Time Of Flight

Ü Trigger System (trigger on displaced vertices)
I. K. Furić, Towards
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Ü produce all B species:

ßà 6 à á à âà ã

Ü huge B production cross section: B Iä ä å

(

æ ç è å

“reconstructable”)
at

éëê ì ä íîðï ñ òðó ñ î , 150 Hz reconstructable B’s

Ü large inelastic ( ô õ ì ä ä ä

) background
triggering very important

Ü B’s boosted in the transverse plane (ct measurement)

Ü less production flavor information than at ö ÷ ö ñ

Ü ß

mixing routinely done in Run I
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Per B meson decay,Ü determine decay flavor [use flavor specific states]Ü identify B meson production flavor [flavor tagging]Ü measure B proper decay time [ ÿ �

resolution]

ý ü û Þ Þ ý
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Ü Tagging algorithms identify B production flavorÜ Opposite Side Tagging: B’s produced in pairs,
identify the flavor of the opposite B mesonÜ Same Side Tagging: hadronization �

charge is correlated to � á production flavor
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Ü Lepton Tagging: find lepton from
	�


Ü Jet Charge Tagging: momentum-weighted sum of
track charge in B jet (+ displacement)

Ü Kaon Tagging: assume

� ÿ 
 decay, find
kaon in B jet

� � �� � �� � �� � �� � �� �� �� �� �

opposite side

P.V.

opposite
side kaon

K
−

D meson
B hadron

� Difficulties with OST:� 20-40% opposite side B’s
outside detector acceptance� �� �� mix production
flavor information lost
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Exploit signature of �

hadronization:
b

s
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� 80% of tracks in event are pions [kaons � ì�

]� fragmentation tracks are soft TOF particle ID� Run I

�

mixing using pion SST� expect improvement using TOF particle ID� combined (OST + SST) tagging power: � ò � è
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� trigger on lepton + displaced track (SVT)� signal:

	

-track intersection ÿ � �

� background:

	

-track intersection ÿ � �

� require

� � ÿ � 	 � � � !ï " # é � ÿ

� � 500k inclusive B decays test taggers� example: measure dilution of soft muon tag
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Per B meson decay,� determine decay flavor [use flavor specific states]� identify B meson production flavor [flavor tagging]� measure B proper decay time [ ÿ �

resolution]
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� importance of ÿ �

resolution� triggering on fully hadronic B (and charm) decays� digression: meson mass difference measurement� rate of fully hadronic � decays� mixing reach projection
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� rapid oscillations:� ì æ& ì21 ó ñ î (90%CL, PDG)
(indir. meas:

� é1 ó ñ î )� very good ÿ �

resolution needed:
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Dilution: 0.05 

� semileptonic decays: B momentum error � ì è

� hadronic decay ( � � �) negligible ( � � & è

)� using base RunII silicon : 60 fs � � ì :1 ó ñ î

� layer of Si on beampipe: 45 fs � � � � 1 ó ñ î

� Problem: how do we trigger on these decays?
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� trigger � � � < < �

� challenge: read out SVX and
track at 10’s of kHz SVT
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� study ’s to calibrate:

h energy loss in detectorh magnetic field value� crosscheck with other decays
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² � ² � � �   ² �¥ � ¤ � � « ±�

�� � ¥ ³ � � � § � ¥ � � � «� �

¥ � ¤ � £� � � � �� ¢ � � ¥ � ´   � � � «� �� � � � ¤ � « � ±

� PDG ’02: q qsr � v w r µ � � � � �

� CLEO2 (1998): q qsr µ v w r ¶ v w r x � � � � �

� BaBar (2002): q y r t v w r u v w r x � � � � �

I. K. Furić, Towards
ø=ù Mixing with CDFII, UPenn HEP Seminar, Nov 11, 2003

� �



� ûü ý û þ û � ý
Per B meson decay,� determine decay flavor [use flavor specific states]� identify B meson production flavor [flavor tagging]� measure B proper decay time [ ÿ �

resolution]

ý ü � � û ý û

û � 
 ý

� use as input for mixing reach projection

I. K. Furić, Towards
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� good for � mixing because of good ÿ �

resolution� �� ñ� � ÷

“golden mode”

h fully hadronic, flavor specifich few tracks “easy” to trigger, reconstructh ñ� � � ñ , �

narrow resonance
(cut on invariant mass good )� first observed at LEP� branching fraction? (PDG: <13%, 95% CL)

(determines number of � available for mixing)� initially assumed � · � � ñ � ÷ #

� background composition? ?� answers: branching fraction measurement
I. K. Furić, Towards
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� want to understand rate of � ñ� � ÷

� compare to similar decay

� ñ � ÷

� count how many � vs

�

are reconstructed� what is different?� rate of � production different from

�

� � � probability for

�
to hadronize as � �

� final state � � vs ñ ÷ � ñ � ñ

� account for by using PDG ratio of BR’s� kinematics slightly different efficiency?� � % � � ( ÿ ÿ # ê � �¸ ö � # ê � � � · ¹{º # ê � � · ö ÿ #

� will need to consult Monte Carlo simulation for this
I. K. Furić, Towards
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We measure the ratio of branching fractions:

» l»½¼ ¾ ¿ÁÀ j ¿ Â l l Ã m

¿ÁÀ j ¿ Â Ä Ã m p j ¿ Â l mj ¿ Â m ¾ Å j ¿ Â m
Å j ¿ Â l m ¾ ¿ÁÀ j k Ã Ã m

¿ÁÀ j l Æ Ã�Ç r r m

� control sample:

÷ � � ÷

and corresponding
BR relative to

� ñ � ÷

� N(

��), N(

÷

), N(

�

) obtained from fits to data� � � � #

/ � � �� #

, � � � # � � ÷ #
from realistic MC� � ñ ñ� � #

are taken from PDG
Key issues:� reconstruction of mesons with good� robust and correct extraction of

� #

� realistic trigger and analysis simulation
I. K. Furić, Towards
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mass cut for
��M [ \ [ \ ÒT V WX Ó `ÕÔ Ö× cÙØ ` [ \ RÚ ÒT V WX Ó e

πΒ

π K

P. V.

D decay
vertex

B decay 
vertex

B Lxy

D Lxy
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� mass peaks are quite clean

� �, ì #

� spectra have interesting structures� use Monte Carlo to study background shapes
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CDF Run II Monte Carlo

� Monte Carlo:
� � � ÷ � ñ

� GEANT simulation of detector response� realistic trigger simulation� spiky structures are signatures of

+

polarization
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� decompose background into groups with similar
features (spiky, Cabbibo suppressed, ..)� based on Monte Carlo, create analytical templates� extract shape parameters from MC� keep shape parameters fixed in fit to data� combinatorial background single exponential
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� how reliable is our counting method?
(assign counting systematic error)� vary shape parameters for templated background� extend fit range, fix continuum parametrization� fits result change up to � :

� can improve background parametrization
I. K. Furić, Towards
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� counting systematic error � :

� . é ì ì � 
 �)( � # é � 
Ý 
 Þ # � candidates� ß ßà á âà � 
 Þ)( Þ # .� � 
 Ý 
 Þ # �

candidates� this determines the ratio

� � # � ã #

� remaining work: correct for detector effects
(different efficiencies for �, �

) from MC
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ë high and low-mass sideband: different compositionë subtract only high-mass sidebandë but scale up number of events
(using the exponential fit for the comb. background)ë check relevant distributions for both

ì

and

í

ë in addition, check N-1 cut efficiencies
I. K. Furić, Towards
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ë check many variables, good agreement for most
I. K. Furić, Towards
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ë trigger was constantly being upgradedë concern: this may affect the efficienciesë the ratio of total efficiencies is stable
regardless of trigger efficiency changeë measurement quite robust to trigger conditions
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Using the world average value for

+-,+/.
+-,+/. � ��� 01 ! ��� � �

we obtain:
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Our measurement assumes the same fragmentation
model for

ì
� and

ì
mesons.

... now we can estimate our � mixing reach
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ë Current performance:ë 9 :; � � <= > ?@ A 9 
CB :

DE F 9 G

, H IKJ L M 9 ; N <#O

D With “modest” improvements:

D 9 
 � � � <= > ?@ A 9 
CB :
(improve trigger, more modes)

DE F 9 G

, H IKJ L M 9 P � <#O
(event by event prim vertex, Si on beampipe)

D Q H sensitivity for � 9 :R S O > ? with 1.3

<= > ?

D P H sensitivity for � 9 :R S O > ? with 1.7

<= > ?

D P H sensitivity for � 9 
 G S O > ? with 3.2

<= > ?

D this is a difficult measurement
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D � mixing at CDF II at a glance:

D initial work has begun

D reconstructed signal mode,
understand rate

D work on tagging currently
in progress, promising -1.5
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D not a particle discovery,
Q H is relevant!

D we want to constrain the unitary triangle

D expect to surpass world limit with 1 year of data

D beyond that, need to work on J L

resolution and
taggers to further extend reach

D push for more luminosity and gather more data
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Quantity

I G M

Mixing B Mesons
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tag. power (E

F
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D higher B production cross section, produce �

D immersed in light quark background

D triggering much more important

D B’s boosted in the transverse plane

D less production flavor information
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